Introduction {#sec1-1}
============

The choroid is the layer of the eye ball between the retina and sclera and is considered part of the uveal tract which is composed of the iris and ciliary body anteriorly and choroid posteriorly. The choroid has highest blood flow in the body. Choroidal melanoma is the most common primary Intra-ocular malignant tumor and second most common site of ten malignant melanoma sites in the body.\[[@ref1]\] Current diagnosis of choroidal melanoma is based on both the clinical experience of the specialist and modern diagnostic techniques such as indirect ophthalmoscopy (IO), A- and B-ultrasonography scans, fundus fluorescein angiography (FFA), and transillumination. Invasive studies suchas fine needle aspiration cytology (FNAC) can have significant morbidity and should only be considered if therapeutic intervention is indicated and diagnosis cannot be established by any other means. The rate of misdiagnosis of eyes enucleated for choroidal melanoma was approximately 20% duringthe years up to 1970, but diagnosis of choroidal melanoma has improved dramatically in the past 3 decades, and incorrect diagnosis since that time hasprogressively decreased to approximately 10%.\[[@ref2]--[@ref7]\] As a potentially lethal ocular condition, melanoma is feared both by patients and clinicians. A comprehensive review of the literature available in books and indexed journals was done. This article will discuss epidemiology, diagnosis, current available treatment options and prognosis of choroidal melanoma.

Epidemiology {#sec1-2}
============

Uveal melanoma is an uncommon disease. The incidence of primary choroidal melanomais about 6 cases per 1 million population in USA and about 7.5 cases per million peryear in Denmark and other Scandinavian countries.\[[@ref8]\] Choroidal melanoma and other uveal melanomas most often affect Caucasians of Northern European descent. Incidence of choroidal melanoma among blacks is extremely rare. Hispanics and Asians are thought to have a small but intermediate risk compared to whites and blacks.\[[@ref8]--[@ref10]\] Uveal melanoma is rarely diagnosed in children.\[[@ref10]--[@ref13]\] In most series, the median age at diagnosis is about 55 years.\[[@ref11]--[@ref14]\] Choroidal melanoma is found slightly more frequently in men for all age groups, except in the group from 20 to 39 years, where a small predilection exists for women.\[[@ref11][@ref15]--[@ref17]\] Nevi on the skin have been shown in several studies to increase the risk of cutaneous melanoma.\[[@ref18][@ref19]\]

The available literature suggests that risk of choroidal and ciliary body melanomas associated with nevi of the uveal tract is low.\[[@ref20]\] In an analysis of 2514 choroidal nevi, factors predictive of growth into melanoma included greater thickness, subretinal fluid, symptoms, orange pigment, margin near disc, and twonew features: Ultrasonographic hollowness and absence of halo.\[[@ref21]\] Hormonal influences are suspected to be a factor in cutaneous melanoma based on reports of an increased risk for women in their child-bearing years.\[[@ref22][@ref23]\] Acute or intense exposure to ultraviolet light might increase the risk of uveal melanoma, butthe role of acute or chronic sunlight exposure remains inconclusive.\[[@ref24][@ref25]\] Host factors remain the strongest known risk factors for this disease, particularlyancestry. Degree of pigmentation and cutaneous mole also appear to be markers of risk. There are also rare reports of uveal melanoma occurring in blood relatives. Occupational and chemical exposures merit further research so that the risk of this potentially fatal tumor may one day be reduced.

Genetics {#sec1-3}
========

Uveal melanomas are genetically homogenous, with few tumor-specific cytogenetic aberrations. Some of these aberrations correlate with the metastatic potential of the tumor, resulting in metastatic disease followed by death. Recurrent aberrations in uveal melanomas concern loss of 1p, monosomy of chromosome 3, loss of 6q and 8p, and gain of 6p and 8q.

Loss of chromosome 1p was observed in metastases,\[[@ref26]\] and concurrent loss of 1p and chromosome 3 is associated with decreased survival.\[[@ref27][@ref28]\] Furthermore, monosomy 3 is considered to be an early event in UM, and several studies have shown that it is a strong predictor of survival.\[[@ref29]--[@ref31]\] Loss of chromosome 3 is frequently associated with amplification of 8q, often seen as isochromosome 8, q-arm.\[[@ref32][@ref33]\]

Diagnosis {#sec1-4}
=========

History is not useful in diagnosing a uveal melanoma but it can be important in identifying a simulating lesion.

History: In general, many melanoma patients have asymptomatic tumor discovered on routine ophthalmic examination. Other patients with melanoma will besymptomatic complaining of visual loss, photopsiaand visualfield defects. Decreased vision is usually due to tumor encroachment on the fovea, exudative retinal detachment that involves the macula, or tumor contact with the lens. Symptoms such as severe pain are unusual for melanoma, except in cases of inflammation, massive extraocular extension or neovascular glaucoma. The past medical history may reveal a non-ocular malignancy, which would be suggestive of a metastatic lesion although one needs to be careful with this information because 6% to 10% of uveal melanoma patients have another primary neoplasm.\[[@ref34][@ref35]\]Clinical examination and IO: IO through a well-dilated pupil is the most important examination in the diagnosis of choroidal melanoma. It has been reported that IO correctly diagnoses melanoma in more than 95% of cases.\[[@ref7]\] The classic appearance of choroidal melanoma on IO is a pigmented dome-shaped or collar button-shaped tumor with an associated exudative retinal detachment. Choroidal melanoma is usually pigmented, but they can be variably pigmented and even amelanotic (non-pigmented). Usual findings are characteristic orange pigment (lipofuscin) at the level of retinal pigment epithelium, exudative retinal detachment (usually with melanomas greater than 4 mm in thickness). Some of large melanomas, especially involving the ciliarybody, have prominent episcleralvessels. It is important to recognize findings that are not typical of choroidal melanoma and that if seen, one should consider an alternative diagnosis. The presence of significant hemorrhage associated with a mass is rare in melanoma. Multiple choroidal tumors are not consistent with melanoma and should make one suspect metastasis or a lymphoid lesion.A distinct orange purple color of tumor is more typical of choroidal hemangioma or an early choroidalosteoma. Dark black pigmentation is more commonly seen with retinal pigment epithelium hypertrophy or hyperplasia. The complete absence of pigmentation is seen in minority of melanoma cases and when the lesion is amelanotic, one should always consider the possibility of choroidalhemangioma or metastasis. Significant intraocular inflammation is also uncommon in melanoma and is more consistent with inflammatory diseases.Ultrasonography: Combined A-mode and B-mode ultrasonography is the most important ancillary test \[Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}\]. On A-scan ultrasonography, choroidal melanoma shows medium to low internal echoes with smooth attenuation. Vascular pulsationswithin the tumor can also be seen by this mode. By B-scan three classic features of choroidal melanoma are: An acoustically silent zone within the melanoma, choroidal excavation and shadowing in the orbit. For tumors greater than 3 mm in thickness, a combination of A- and B-scan ultrasonography can diagnose choroidal melanomas with greater than 95% accuracy.\[[@ref7]\] Nevi present as echo-dense and areminimally vascular.Fluorescein angiography: Accuracy of fluorescein angiography in diagnosing choroidal melanoma is limited.\[[@ref7]\] Large tumorsshow some characteristic patterns, but they are by no means pathognomic. Largermelanomas often have an intrinsic tumor circulation (double circulation), extensive leakage with progressive fluorescence, late staining of the lesion and multiple pinpoint leaks(hot spots) at the level of the retinal pigment epithelium.\[[@ref36][@ref37]\]Optical coherence tomography (OCT): Melanomas demonstrate serous retinal detachment, debris on back of retina, retina of normal thickness, and intact photoreceptors. Nevi demonstrate photoreceptor loss (50% of cases), absolute scotoma, retinal atrophy and thinning, and pigment epithelial detachment (15% of cases)Autofluorescence: Melanomas demonstrate clumps of hyperautofluorescence that correlate with clinically evident orange pigment. Nevi demonstrate no autofluorescence.Indocyanine green angiography: This is capable of imaging the micro-circulation of choroidal melanomas.Other Ancillary tests and procedures: High resolution computed tomography (CT) is less accurate than ultrasonography and is more expensive.\[[@ref38][@ref39]\] The role of magnetic resonance imaging and nuclear magnetic resonance spectrography in the diagnosis of melanoma is still uncertain.\[[@ref40][@ref41]\] Invasive techniques include the radioactive phosphorus uptake test and fine needle biopsy of the lesion. The radioactive phosphorus uptake test is no longer used because the rates of false negatives and false positives are quite high.\[[@ref42]\] The role of fine needle biopsy is also uncertain because we cannow diagnose choroidal melanomas quite accurately without the use of invasive techniques. Interpretation of the tumor aspirates is quite difficult and subsequent seeding of the needle track has also been reported.\[[@ref43]\]

![(a) B-scan ultrasound showing a large mushroom-shaped mass lesion (arrow) noted nasally with sub-retinal fluid noted surrounding the mass lesion. (b) A-scan ultrasound of the same lesion showing internally medium reflectivity (arrow) in the lesion area](OJO-5-3-g001){#F1}

![(a) B-scan ultrasound showing a dome-shaped mass lesion temporal to disc at the macula area (arrow) with a shallow elevated high reflective membrane attached to the apex of the lesion. (b) A-scan ultrasound of the same lesion showing internally medium to high reflectivity (arrow) in the lesion area](OJO-5-3-g002){#F2}

Lesions that simulate choroidal melanoma {#sec1-5}
========================================

Few lesions masquerading as melanoma are choroidal nevus, choroidal metastasis, choroidal hemangioma, choroidal osteoma, melanocytoma, benign lymphoid tumor, choroidal hemangio-pericytoma, choroidal leiomyoma, extra-macular disciform lesion, ruptured arteriolar macroaneurysm, localized choroidal detachment, retinal pigment epithelial hypertrophy, posterior scleritis, haemorrhagic retinal detachment, massive retinal gliosis, retinalglioma.

Treatment {#sec1-6}
=========

Several modes of treatment are available for choroidal melanoma. Multiple factors are taken into account when deciding one approach over other approaches, suchas visual acuity of the affected eye, visual acuity of the contralateral eye, tumorsize, location, ocular structures involved, and presence of metastases.

Treatment options for small choroidal melanoma {#sec1-7}
==============================================

Thickness greater than 2 mm, fluid, symptoms, orange pigment, margin near disc, ultrasonographic hollowness, halo absence, and drusen absence are profoundly important risk factors for the detection of early choroidal melanoma. Patients with choroidal nevi showing no features of the disease should be initially monitored twice yearly and followed up annually thereafter if their condition is stable. Those with one or two features should be monitored every 4 to 6 months.\[[@ref21]\] A small choroidal melanoma in the posterior fundus is amenable to several treatment options, including laser photocoagulation, photodynamic therapy, plaque radiation therapy, external beam charged particle radiation therapy, transpupillary thermotherapy, location tumor resection, and enucleation.

Treatment options for medium and large choroidal melanomas {#sec1-8}
==========================================================

Enucleation has been the time honored method of management of the large ocular melanoma and melanomas that cause severeglaucoma or invade the optic nerve. One of the two clinical trials of the collaborative ocular melanoma study(COMS) compared preoperative external been radiation therapy plus enucleation to enucleation alone in patients with large choroidal tumors to address the concern that enucleation might precipitate tumor metastasis and shorten survival.\[[@ref44]\] After 10 years of follow up, the cumulative all-cause mortality rate for each treatment arm was 61%. In addition, the 10 years rates of death withhistopathologically confirmed melanoma metastasis were not significantly different (45% in the preenucleation radiation and 40% in the enucleation alone). Thus, enucleation is considered primarily if there is a diffuse melanoma or if there is extraocular extension. Radiation complications or tumor recurrence may eventually make enucleation necessary.\[[@ref45]\] Plaque brachytherapy is the most frequently used eye-sparing treatment for choroidal melanoma. Iodine-125, gold-198, palladium-103, and other ophthalmic plaques are used for partial to complete tumor regression.\[[@ref46][@ref47]\] Results have been generally encouraging but complications of radiotherapy include radiation retinopathy, cataract, vitreous hemorrhage, and neovascular glaucoma. Tumor recurrence contiguous to the treated area is about 12% of cases and rarely elsewhere in the eye has been noted. The most common material used in modern plaques is iodine-125 because of its lower energy emission (lack of alpha and beta rays), its good tissue penetration, and its commercial availability. In preparing an eye for brachytherapy, the most important tumor measurement is the largest basal diameter since a 2 mm margin of plaque around the base of the tumor is recommended to ensure adequate I-125 treatment to the entire tumor. Measurements are best made by ultrasonography, transillumination, or clinical comparison to the optic nerve. Radioactive plaques remain on the eye for 3-7 days depending upon the size of the tumor and rate of radiation delivery. The recommended radiation delivery for I-125 is 80-100 Gy to the tumor apex at a dose rate of 50-125 cGy/h. Confirmation of the location of the plaque can be done intra-operatively with ophthalmoscopy or ultrasound or with postoperative MRI.

Results from the second COMS clinical trial, which compared 125-I plaque brachytherapy to enucleation in patients with medium-sized choroidal tumors, revealed no significant difference in cumulative all-cause mortality between the two study arms at 12 years of follow-up (43% for 125-I plaque brachytherapy vs. 41% for enucleation; risk ratio=1.04; 95% CI, 0.86--1.24).\[[@ref48]\] In addition, the 12-year rates of death with histopathologically confirmed melanoma metastasis did not differ significantly between the 2 study arm(21% in the 125-I brachytherapy arm and 17% in the enucleation arm, *P*=0.62). Among the patients treated with 125-I brachytherapy, 85% retained their eye for 5 years or more, and 37% had visual acuity better than 20/200 in the irradiated eye 5 years after treatment.\[[@ref49]\]

External beam (charged particle) either heliumions or protons, may have several theoretical advantages over plaque therapy including optimal irradiation delivery to the entire tumor, with a theoretical reduction of radiation damage to surrounding normal tissue. External beam irradiation of melanomas with charged particles, protons, or helium nuclei has been performed since 1975. Proponents praise the treatment\'s accuracy and ability to treat larger tumors, up to 30% of the ocular volume.\[[@ref50]\] Patients treated with proton beam irradiation had a 64% incidence of maculopathy for tumors within four disc diameters of the macula. Radiation therapy is about twice as expensive as enucleation. There appear to be no significant quality of life differences between patients treated with radiation or enucleation. Another radiation therapy technique occasionally employed but not as extensively studied is Gamma knife surgery. Preliminary evidence suggests that Gamma knife surgery may be feasible treatment option for medium sized choroidal melanomas.\[[@ref49]\]

Eyewall resection or sclerouvectomy is a method of surgically removing an entire tumor, along with adjacent sclera and retina and grafting banked sclera to close the defect.\[[@ref51]\] More recently, lamellar sclerouvectomy has been performed in order to avoid vitreoretinal complications of the full thickness procedure. Orbital exenteration is a radical treatment reserved for cases with widespread orbital extension. Orbital exenteration is a radical treatment reserved for cases with widespread orbital extension. Patients with such advanced melanomas are likely to have extensive distant metastases and poor prognosis for survival, with or without orbital exenteration surgery. The usefulness of such disfiguring surgery is not established and should only be considered in rare cases where marked discomfort is associated with massive orbital spread of the melanoma. Choice of treatment of choroidal melanoma remains controversial in many respects. Although enucleation has been the treatment of choice in the past, it appears that vision-sparing approaches might offer similar degrees of ocular and metastatic tumor control. Particularly, because it is clear that in many patients, at the time of diagnosis, posterior uveal melanomas already have spread through micrometastasis. In cases where distant metastases are found during the initial systemic workup, treatment of the intraocular melanomas becomes palliative. Systemic chemotherapy is the primary treatment in such cases.

Relative quality of life and emotional outcome, including physical function, psychological function, social and emotional function, and level of health problems must be considered in the treatment decision.\[[@ref52]\] When patients make a treatment decision regarding choroidal melanoma, major factors are fear of death due to cancer and concerns regarding prognosis for vision in the affected eye. Patients often fear that enucleation will be disfiguring and also have fears of eventual poor vision or blindness in the fellow eye, even when this eye is healthy. Radiation therapy, on the other hand, causes concerns about residual viable tumor, compromised vision, ocular discomfort, and chronic ocular irritation. The cost difference between the two methods of treatment is considerable. Economic factors may become a consideration as well. The three most important determinants of the "success" of treatment for choroidal melanoma are survival, vision, and quality of life.\[[@ref53]\] Patients treated with brachytherapy reported significantly better visual function than patients treated with enucleation with respect to driving and peripheral vision for up to 2 years following treatment. Differences between treatments in visual function diminish by 3 to 5 years after treatment, paralleling decline in visual acuity in brachytherapy-treated eyes. Patients treated with brachytherapy were more likely to have symptoms of anxiety during follow-up than patients treated with enucleation.\[[@ref54]\]

Prognosis and survival {#sec1-9}
======================

Uveal melanoma size is the most important clinical factor related to prognosis. Coupland *et al*.,\[[@ref55]\] evaluated 847 patients with uveal melanoma for metastatic death and found clinical and histopathologic predictive factors of largest basal tumor diameter, closed loops, epithelioid cells, mitotic rate, and extraocular spread. Damato *et al*.\[[@ref56]\] included genetic testing in their analysis for factors predictive of metastatic death and found the most important independent predictors to be basal tumor diameter, chromosome 3 loss, and epithelioid cell histopathology. Eskelin^™^.\[[@ref57]\] explored tumor doubling times and speculated that most metastases initiate 5 years before primary treatment.

Despite the availability of alternative treatment modalities, the survival rates of patients with uveal tract melanoma have not changed in 30 years. Cumulative rates of metastases in the Collaborative Ocular Melanoma Study at 5 and 10 years after treatment were 25% and 34%, respectively. Common sites of metastases include liver (90%), lung (24%), and bone (16%).\[[@ref58][@ref59]\] Patients with metastases confined to extrahepatic locations have longer survival (19--28 months).\[[@ref57]\] The median survival for a hepatic metastasis is 6 months with an estimated survival of 15--20% at 1 year and 10% at 2 years, irrespective of treatment.\[[@ref60][@ref61]\] Asymptomatic patients at the time of diagnosis of metastases have a slightly longer survival in relation to symptomatic patients.\[[@ref62]\]

Conclusion {#sec1-10}
==========

In conclusion, choroidal melanoma can be diagnosed quite accurately with non-invasive techniques like IO, A- and B-ultrasonography scans, FFA, and transillumination, preventing complications of FNAC like seeding of tumor cells in the needle track. The role of CT, magnetic resonance imaging, and nuclear magnetic resonance spectrography in the diagnosis of melanoma is still uncertain. Radioactive phosphorus uptake is no longer used because the rates of false negatives and false positives are quite high. Treatment for a small choroidal melanoma in the posterior fundus ranges from observation to several treatment options, including laser photocoagulation, plaque radiation therapy, external beam charged particle radiation therapy, transpupillary thermotherapy, location tumor resection, and enucleation. For medium and large lesions, enucleation is considered primarily if there is a diffuse melanoma or if there is extraocular extension. Plaque brachytherapy is the most frequently used eye-sparing treatment for these lesions. External beam (charged particle) either helium ions or protons may have several theoretical advantages over plaque therapy. Patients treated with proton beam irradiation had a 64% incidence of maculopathy for tumors within four disc diameters of the macula. But, radiation therapy is about twice as expensive as enucleation and there appear to be no significant quality of life differences between patients treated with radiation or enucleation. Other radiation therapy technique that has shown potential in preliminary studies is Gamma knife surgery. Considering the gamut of treatment options available, the treatment of choroidal melanoma needs to be individualized, keeping inmind various tumor characteristics and patient factors.
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